Pelareorep causes oncolysis in tumor cells with activated Ras. We hypothesized that pelareorep would have efficacy and immunomodulatory activity in metastatic pancreatic adenocarcinoma (MPA) when combined with carboplatin and paclitaxel. A randomized phase 2 study (NCT01280058) was conducted in treatment-naive patients with MPA randomized to two treatment arms: paclitaxel/carboplatin + pelareorep (Arm A, n = 36 evaluable patients) versus paclitaxel/carboplatin (Arm B, n = 37 evaluable patients). There was no difference in progression-free survival (PFS) between the arms (Arm A PFS = 4.9 months, Arm B PFS = 5.2 months, P = 0.6), and Kirsten rat sarcoma viral oncogene (KRAS) status did not impact outcome. Quality-adjusted Time without Symptoms or Toxicity analysis revealed that the majority of PFS time was without toxicity or progression (4.3 months). Patient immunophenotype appeared important, as soluble immune biomarkers were associated with treatment outcome (fractalkine, interleukin (IL)-6, IL-8, regulated on activation, normal T cell expressed and secreted (RANTES), and vascular endothelial growth factor (VEGF)). Increased circulating T and natural killer (NK)-cell subsets were also significantly associated with treatment outcome. Addition of pelareorep was associated with higher levels of 14 proinflammatory plasma cytokines/chemokines and cells with an immunosuppressive phenotype (Tregs, cytotoxic T lymphocyte associated protein 4 (CTLA4) + T cells). Overall, pelareorep was safe but does not improve PFS when administered with carboplatin/paclitaxel, regardless of KRAS mutational status. Immunologic studies suggest that chemotherapy backbone improves immune reconstitution and that targeting remaining immunosuppressive mediators may improve oncolytic virotherapy.
INTRODUCTION
Pancreatic adenocarcinoma (PCA) is a leading cause of cancer death in the Western World. The incidence of PCA in the United States was 46,420 in 2014, while the 5-year survival rate was a dismal 6.7%. 1 Two regimens form the mainstay of systemic therapy for metastatic pancreatic adenocarcinoma (MPA)-FOLFIRINOX (5FU, leucovorin, irinotecan, and oxaliplatin) with a median overall survival (OS) of 11.1 months, 2 and gemcitabine and nab-paclitaxel with a median OS of 8.5 months. 3 Ras is a guanosine triphosphate (GTP)-binding protein that regulates cell growth and survival. RAS mutations are observed in 70-90% of all PCAs. [4] [5] [6] Reolysin ® (pelareorep) is a propriety formulation of a naturally occurring nonenveloped human Reovirus Serotype3-Dearing Strain which contains live, replication-competent reovirus. 7 While community-acquired reovirus infection in humans is generally mild and limited to upper respiratory and gastrointestinal tracts, pelareorep demonstrates cytotoxic effects on cancer cells with an activated Ras signaling pathway due to mutations in the RAS proto-oncogene. 8, 9 While its effects on transformed cells are relatively well described, the activity this virus has on the immune system of cancer-bearing individuals is less clear. Some studies suggest that it may potentiate the host antitumor immune response, [10] [11] [12] [13] [14] while others show that it can further exacerbate immunosuppressive features of advanced cancer.
it may complement emerging immunotherapeutic approaches for metastatic disease.
The immune reaction to cancer is complex and involves a number of soluble cytokine and chemokine mediators. The relative balance of these factors influences the phenotypic profile of systemic and tumor infiltrating immune cells and thus the antitumor immune reaction. For example, increased levels of cytokines such as IL-6 and VEGF lead to expansion of immunosuppressive lymphoid or myeloid cell subsets that contribute to immune evasion. 16 Given the recent success of immunotherapy in other malignancies, it is important to understand how novel therapeutic agents such as oncolytic viruses, in combination with chemotherapy, might reverse this immunosuppression and modulate the immune response to cancer. Pelareorep was combined in with gemcitabine in a phase 1 study and was found to be safe with evidence that gemcitabine affects the humoral immune response to reovirus and attenuates the neutralizing antireolysin antibody response. 17 Taxanes and platinums have been examined in advanced PCA with promising activity. 18 These agents are also thought to induce some degree of antitumor immune activity, either by inducing a more immunogenic cell death or simply through the enhanced release of tumor antigen following chemotherapy-induced tumor cell death. [19] [20] [21] Single agent docetaxel resulted in objective response rate (ORR) of 5-15% and a median OS of 5.9-8.3 months. 22 Weekly paclitaxel in the second-and third-line setting following gemcitabine failure produced a complete response rate of 5%, stable disease rate of 27.7% and median OS of 4.1 months, 23 while Whitehead et al. 24 showed that 24-hour infusional paclitaxel given every 3 weeks resulted in ORR of 8% and median OS of 5 months. Our group performed a phase 1/2 study of carboplatin, paclitaxel and capecitabine in patients with solid tumors and noted significant activity in patients with PCA. Of 11 patients with metastatic PCA (92% of whom had failed at least 1 prior therapy (range 1-4) and >95% of whom had failed gemcitabine), 4 confirmed partial responses were seen and 8 patients had prolonged stable disease, and all of these patients had a biochemical response. 25 Another study of 54 patients showed that the combination of protracted infusional 5FU (an agent with single agent ORR of 0-9%) with carboplatin in patients with advanced PCA yielded promising responses (ORR 17% with a complete response rate of 2%, median OS 5.5 months). 26 The potential for synergistic activity of reovirus in combination with carboplatin and paclitaxel was suggested by prior studies in human cancer cell lines. [27] [28] [29] Paclitaxel enhanced replication of pelareorep, resulting in enhanced apoptosis of nonsmall-cell lung cancer cells compared to either agent alone, and synergy was also seen with cisplatin. 27, 28 Since most pancreatic cancer cells have activated Ras, we hypothesized that MPA patients would benefit from pelareorep and that immune modulation may contribute to its efficacy. Considering the preclinical data showing synergistic activity of pelareorep with carboplatin/paclitaxel and the earlier studies cited above which showed promising activity against MPA by carboplatin and taxanes, we chose to use carboplatin and paclitaxel as the backbone for this trial rather than standard first-line therapy.
RESULTS

Patient characteristics and clinical outcomes
Seventy-six patients were randomized between February 2011 and April 2014. Three patients withdrew from the study prior to receiving any therapy and were not considered evaluable, resulting in 73 patients evaluable for the primary endpoint of PFS: 36 on Arm A and 37 on Arm B (Figure 1) . Table 1 shows the baseline characteristics for all evaluable patients. At the time the analysis data were frozen (12/31/2014), the median follow-up on patients was 10.5 months (range 8.9-23.4) and 5 of the 73 patients were progression-free and alive. Overall, 16 patients from Arm B crossed over to the pelareorep arm upon progression and received pelareorep in addition to continued carboplatin and paclitaxel.
The regimen was well tolerated with no statistically significant differences in toxicity between the two arms ( Table 2 ). The most common toxicities associated with pelareorep were grade 1 chills and grade 1 diarrhea, each occurring in 28% of patients on Arm A. There were two occurrences of lupus nephritis, which were thought to be attributable to pelareorep and both resolved following discontinuation of the virus.
All but five patients (68/73 = 93%) had disease progression and/or death for analysis of PFS as the primary endpoint (i.e., the randomized treatment, not including the crossover treatment). There was no significant difference in PFS between treatment arms (Arm A median PFS 4.9 months (95% CI: 3.0-6.3 months) versus 5.2 months (95% CI: 2.3-6.2 months) on Arm B, P = 0.6) (Figure 2a) . Likewise, there was no significant difference in OS between the two arms (median OS on Arm A was 7.3 months, 95% CI: 4.8-11.2 months) and on Arm B was 8.8 months (95% CI: 6.6-11.8, P = 0.68, Table 3 and Supplementary Figure S2 ). Supplementary Table S1 shows the hazard ratios from univariate and multivariate Cox models for PFS and OS. Forty-four percent of patients on Arm A and 35% on Arm B received second-line therapy, most commonly gemcitabine-or 5FU-based (see Supplementary Table S2) .
There were no differences in the distribution of best response to therapy (response versus stable disease versus disease progression/ not evaluable) between the treatment arms ( Table 3 , P = 0.95). The partial response rate was 19% (95% CI: 11-30%) with seven responders in each arm. Stable disease was seen in 53% of patients in Arm A and in 49% of patients in Arm B ( Table 3) . The disease control rate (DCR) (PR and stable disease rate for 4+ months) was 56% in Arm A and 59% in Arm B. Seventeen patients crossed over from Arm B to Arm A and 16 received treatment. The median PFS after cross over was 1.7 months (95% CI: 1.4-2.6) and the median OS after cross over was 4.1 months (95% CI: 1.4-6.4).
KRAS mutational status did not predict response to pelareorep + carboplatin/paclitaxel
Tissue for KRAS mutational analysis was available for 71 patients. In concordance with previous literature, 73% of patients had a G12D or G13D KRAS mutation. [4] [5] [6] There was no statistically significant difference in PFS in patients on Arm A or Arm B with tumors with KRAS mutations versus patients with tumors with wild-type KRAS (Table 3; Figure 2b ) nor was there any difference in OS based on KRAS mutational status. 
Systemic immune biomarkers, risk of progression, and response to therapy
Immunophenotypic analysis was conducted on plasma and peripheral blood mononuclear cells isolated from 70 patients who had evaluable pre-and post-treatment samples. Focusing on fold change after two cycles of treatment, we initially assessed the influence of markers on both shorter-(DCR) and longer-term (PFS) outcomes of disease control irrespective of treatment arm (see Supplementary Tables S3 and S4 ). Of the 32 cytokines and chemokines analyzed, changes in IL-6, IL-8, and VEGF-A were all negatively associated with DCR in the univariate setting (P = 0.026, P = 0.013, and P = 0.023, respectively). Study arm was not significantly associated with DCR, but when we formally adjusted for it in the model, only fold change in IL-6 and IL-8 remained negatively and significantly associated with DCR (P = 0.044 and P = 0.02, respectively). When analyzed in the context of PFS, increases in IL-8 (P = 0.0499), RANTES (P = 0.041), and fractalkine (P = 0.026) were significantly associated with higher hazard of progression, regardless of treatment arm (see Supplementary  Table S3) .
Since oncolytic viral therapy may impact the adaptive immune response and resulting antitumor immunity, [10] [11] [12] [13] [14] potentially relevant immune cell subsets were analyzed by flow cytometry. Fold change in a limited number of phenotypically defined T-cell subsets was positively correlated with DCR in patients, regardless of treatment arm (see Supplementary Table S4 ). These included CD8 + CD45RA + , a phenotype associated with naive or effector memory T cells, 30 or T cells expressing both particular activating (CD4 + CD137 + , P = 0.11) or inhibitory (CD4 + LAG3 + , P = 0.04) receptors. In addition, increased fold change in NK-cells (CD3 -CD56 + ) was associated with DCR (P = 0.046).
The relationship between B-cell subsets and clinical outcome was also examined in these patients. This analysis was particularly relevant as certain B-cell subsets may act as mediators of immune suppression in advanced cancer, 31 or alternatively, in maintaining humoral immune responses against reovirus that might limit its therapeutic efficacy. 32 This analysis revealed no significant association between fold change in the frequency of cells with an immunosuppressive, B regulatory cell phenotype (CD1d + CD2 4 hi CD27 + CD86 + ) 31, 33 with DCR or PFS (P = 0.34 and P = 0.87, respectively). However, fold change of mature, CD19 + CD20 + B-cells was significantly associated with DCR (P = 0.02) (see Supplementary Table S4) . No significant association between DCR and MDSC or other T-cell subsets expressing activation/ inhibitory markers was evident (data not shown). Further, evaluation of neutralizing antireolysin antibody titers in plasma from patients on Arm A confirmed a robust humoral immune response at titers comparable to prior published studies using pelareorep alone (data not shown).
Pelareorep has distinct proinflammatory and immunomodulatory properties
Differences in immune biomarkers between arms were also analyzed to better understand the impact of adding pelareorep to carboplatin/paclitaxel. The fold change in multiple cytokines (fractalkine, Gro-α, IL-1β, IL-2, IL-6, IL-12p70, IL-13, IL-17A, Table 2 Table 4 , top). While changes in many of these markers were no longer significant after controlling for the false discovery rate, it is important to note that these immunological correlates were not a primary endpoint of the study, which was designed to be statistically powered to detect changes in PFS resulting from the addition of pelareorep to carboplatin/ paclitaxel rather than to definitively identify relevant immunological predictors or markers of clinical benefit. Even with these limitations, after adjusting for false discovery rate, changes in fractalkine, IL-10, RANTES, SDF-1, and VEGF-A remained significantly greater in patients on Arm A versus Arm B, reiterating the apparent proinflammatory state induced following pelareorep treatment. Flow cytometric analysis also revealed significant increases in CD8 + T cells expressing the midearly activation markers CD71 and CD95, and in both CD4 + and CD8 + T cells expressing the maturation marker CD45RO in patients from Arm A ( Table 4 , bottom). In contrast, patients on Arm B had significant increases in CD4 + and CD8 + T cells expressing CD45RA, a marker of naive T cells (P = 0.014 and P = 0.023, respectively). Changes in the activation marker CD69 following treatment were not statistically significant, though the post-treatment time point examined (2 months following treatment initiation) may have been too late to detect changes in this very early T-cell activation marker. In contrast, this analysis also revealed an increase in an immunophenotypic signature indicative of immunosuppression for patients on Arm A as compared to Arm B. For example, these patients had significantly greater increases in Treg (P = 0.012), CD4 + CTLA4 + (P = 0.002), CD8 + CTLA4 + (P = 0.009) and CD8 + TIM3 + (P = 0.047) T-cell subsets ( Table 4) . No significant differences in other immunophenotypic biomarkers were observed between arms, including MDSC, B regulatory cells, NK cells, CD4 + TIM3 + or in any T-cell subsets expressing LAG3 or PD1 (see Supplementary  Table S4 and data not shown).
Addition of pelareorep to carboplatin + paclitaxel did not worsen quality of life or toxicities Finally, to determine the impact of the regimen on quality of life, Quality-adjusted Time without Symptoms of disease or Toxicity analysis was conducted (for methods see Supplemental Materials). Supplementary Table S5
shows the mean duration of health states by treatment arm. There was no statistically significant difference between Arm A and B for all of these health state durations (see Supplementary Tables S5 and S6 
DISCUSSION
In this randomized phase 2 study, the addition of pelareorep to carboplatin and paclitaxel did not improve PFS compared to carboplatin and paclitaxel alone. Likewise, patients who progressed on Arm B and crossed over to Arm A did not experience a meaningful improvement in outcome upon addition of pelareorep. Pelareorep appeared to be safe to administer and was well tolerated. Apart from the occurrence of reversible lupus nephritis on the pelareorep arm, there was no significant difference in toxicity or Quality-adjusted Time without Symptoms of disease or Toxicity between the two arms. We were particularly interested in studying pelareorep in PCA since KRAS mutations have been reported in 70-90% of PCA and the mechanism of pelareorep would suggest that it is more cytopathic in cells harboring a KRAS mutation. 8, 9 However, KRAS status was not associated with improvement of outcome with pelareorep in this study. We speculate that the target effect may have been neutralized in the context of other (unknown) mutations.
A number of immune biomarkers emerged across both treatment arms that were associated with improved DCR or PFS in this cohort. Among these were increased NK-cells or B-cells in patients with improved DCR. These interesting changes may reflect an improved reconstitution of circulating immune cells following administration of this taxane-and platinum-based treatment regimen. Such findings may be important in exploring future combination chemoimmunotherapy regimens using paclitaxel and carboplatin as a backbone in pancreas or other advanced cancers. Our analysis also identified several phenotypic markers that are associated with immune suppression (including but not limited to IL-6, VEGF, and regulatory T cells) that were also increased in patients receiving pelareorep + carboplatin/paclitaxel as compared to chemotherapy alone. These data are consistent with prior preclinical studies showing that reovirus may promote immune suppression in tumor bearing mice. 15 Alternatively, these markers could be upregulated as a consequence of viral infection, following stimulation of T cells via viral antigen. Regardless of the scenario, our analysis clearly indicates that pelareorep combined with chemotherapy was not a regimen sufficient to overcome the profound immunosuppression that is prevalent in patients with PCA. 34, 35 Patients on Arm A did have significantly increased expression of the checkpoint molecule CTLA4 on both CD4 + and CD8 + T-cell subsets. Thus, in addition to the role of these surface molecules as biomarkers of anergic or exhausted T-cells, they also represent actionable targets that could be combined therapeutically with pelareorep + carboplatin/paclitaxel. 36 Indeed recent studies suggest that pelareorep may enhance the ability of antibodies targeting the programmed cell death protein 1 (PD1)/ programmed death ligand 1 (PD-L1) interaction to limit the growth of subcutaneous tumors in preclinical models. 37 This study, in a murine melanoma model, reported that combination treatment with pelareorep + anti-PD-1 augmented antitumor T-cell interferon (IFN)γ secretion and NK cell killing of tumor cells. In turn this suggests that the addition of PD-1 or PD-L1 to pelareorep + carboplatin/paclitaxel has the potential to greatly increase the efficacy of this treatment regimen. Although we did not observe a significant difference in the percentage of CD8 + T-cells expressing PD1 between treatment arms, this may also remain a viable target that could be explored in animal models given the already elevated expression of this biomarker on T-cells from patients The values in bold are statistically significant at the false discovery rate (FDR)-adjusted P value less than 0.05. Abbreviation: FDR, false discovery rate.
with advanced malignancy. Finally, it might also be beneficial to explore alternative chemotherapies to combine with immunotherapy and/or pelareorep, as these (e.g., gemcitabine + nab-paclitaxel, or FOLFIRINOX) may have alternative immunomodulatory properties. The combination of pelareorep and gemcitabine has been previously studied and gemcitabine was found to attenuate the neutralizing antireolysin antibody response. 17 This study has a number of potential limitations to consider when interpreting immunologic data. First, although quite comprehensive, the data are derived from a single time point following treatment. Second, the changes in peripheral blood may not necessarily reflect that within the tumor microenvironment. Finally, it should be noted that these immunological analyses were not a primary endpoint of the study, but were carried out to better determine, mechanistically, why patients did not respond positively to the addition of pelareorep to carboplatin/paclitaxel. As such, this study was not statistically powered to be definitive with respect to the breadth of potentially relevant immunological biomarkers and correlates that we examined. Rather, these analyses identify immunological markers that will be the basis of future study. Despite these factors, this analysis has provided a robust and detailed phenotypic picture of immunologic changes in a population of patients who were treatment-naive at the start of this clinical trial. This is a particular strength, as it can disentangle both key immune biomarkers related to baseline immune function and those related to this regimen from immune changes that may occur as a consequence of prior aggressive myelo-or lymphoablative chemotherapy regimens.
As another interesting finding in this study, we show that carboplatin and paclitaxel appeared to perform quite well, with similar median PFS (5.2 months) and OS (8.8 months) on Arm B to that seen with gemcitabine and nab-paclitaxel-treated MPA patients in historical comparisons (PFS = 5.5 months, OS 8.5 months). 3 We also recently performed a cost analysis of first-line pancreatic cancer regimens. Taking into consideration administration and toxicity costs, carboplatin and paclitaxel were over 5 times less expensive than nab-paclitaxel and gemcitabine. 38 When the entire study population was analyzed for Quality-adjusted Time without Symptoms of disease or Toxicity, the majority of the mean PFS time was TWiST time (4.3 months) with good quality of life. We argue that our results warrant further investigation of carboplatin and paclitaxel as a potential first-line treatment in patients with PCA, particularly since the cost is significantly less than currently accepted standard therapies and our data suggest that it is efficacious.
Pelareorep is safe to administer in combination with carboplatin and paclitaxel, but does not increase PFS for MPA compared to carboplatin and paclitaxel alone. KRAS status did not influence response or survival outcomes following treatment with pelareorep and chemotherapy. Uniquely, outcomes with carboplatin and paclitaxel were historically comparable to standard gemcitabine and nab-paclitaxel, suggesting a more affordable taxane should be studied further in MPA. Immunologic studies suggest that the chemotherapy backbone improves the reconstitution of circulating immune cells with a more favorable outcome. Additionally, elevated expression of CTLA4 on T cells or expansion of Tregs may be key factors limiting the efficacy of oncolytic virotherapy in patients with metastatic pancreatic cancer. These findings may have implications for the design of future studies.
MATERIALS AND METHODS
Study design and participants. In this phase 2, multicenter open-label randomized study, patients aged ≥18 years with histologically confirmed untreated MPA were recruited from four sites in the United States. Full eligibility criteria are provided in the protocol (see Supplemental Materials). The study was sponsored by the Cancer Therapy Evaluation Program of the National Cancer Institute (NCI). The protocol for this study was approved by Cancer Therapy Evaluation Program and the central and local institutional review boards. This study followed the protocols and standards of the Declaration of Helsinki, and patients gave written informed consent. The trial was registered at clinicaltrials.gov. (trial # NCT01280058).
Randomization and masking.
Eligible patients were registered on study and randomized centrally at The Ohio State University. Patients were randomized in a 1:1 allocation to pelareorep carboplatin and paclitaxel (Arm A) or to carboplatin and paclitaxel (Arm B). The randomization method used a random permuted blocks approach with varying block sizes (Figure 1) Figure S1 , online only). Patients continued on therapy until they experienced disease progression, withdrew consent, or experienced intolerable toxicity that prevented further treatment. Patients in Arm B who had documented disease progression were allowed to cross over to Arm A. Formalin-fixed paraffin-embedded tissue samples were collected at time of study entry. DNA was purified for KRAS mutational analysis. 39 We evaluated plasma cytokines and chemokines as well as the immunophenotype of peripheral blood mononuclear cells on both arms at various time points; neutralizing antireovirus antibody titer levels were also assessed in Arm A patients 32, 40 (see Supplemental Materials for full correlative study methods).
Outcomes. The primary endpoint was PFS, defined as the time from study entry to date of documented progression and/or death. All patients who were randomized and began treatment were included in the evaluation of the primary endpoint. Patients who discontinued treatment and received an alternate therapy prior to disease progression were censored at that point. Alive and progression-free patients were censored at their last follow-up date. Secondary endpoints included objective response rate (ORR) by RECIST 1.1 criteria; DCR defined as PR or stable disease for at least 4 months; OS, defined as time from study entry to the time of death due to any cause. Correlative endpoints included immune studies and KRAS mutational analysis. Immune correlates were assessed at baseline and prior to the initiation of the third treatment cycle.
Statistical design. This randomized phase 2 study was designed to require 70 eligible and evaluable patients (35 per arm) to provide at least 90% power to detect an improvement in the median PFS from 3 to 5.5 months with the addition of pelareorep to carboplatin and paclitaxel. Based on historical data in this patient population, we hypothesized that the expected median PFS for carboplatin and paclitaxel was ~3 months. In this phase 2 setting with a focus on proof of concept, we assumed a one-sided Type I error rate of 0.2. SAS ® 9.3 and R3.1.2 for Windows statistical software were used. Time-to-event outcomes (e.g., PFS, OS) were compared between arms using log-rank tests. PFS and OS distributions were evaluated using the methods of Kaplan and Meier, and univariate and multivariate Cox proportional hazards models were used to assess influence of factors or markers in relation to these survival endpoints. Patients who progressed on Arm B were allowed to cross over to Arm A. Primary PFS outcome analyses included those crossover patients in Arm B as they had already met the event of interest (disease progression). Differences in ORRs between treatment arms were assessed using Fisher's exact test. OS was evaluated and compared between the treatment arms using log-rank statistics and graphically using Kaplan and Meier methods. Differences in continuous markers between arms were assessed using Wilcoxon rank-sum tests.
Correlative endpoints were analyzed using descriptive statistics and summarized graphically. KRAS mutation status and immune markers were evaluated overall and by treatment arm. In addition, correlative markers were explored in relation to PFS, DCR, and ORR.
Toxicity was assessed using NCI CTCAE v4.0. All patients who received at least one dose of any of the therapeutic agents in a treatment arm were evaluable for toxicity and tolerability. Quality-adjusted Time without Symptoms of disease or Toxicity of treatment was calculated for each treatment arm and for the entire study population, using all grade 3 and 4 toxicities and the following grade 2 toxicities: nausea, fatigue, peripheral neuropathy, and diarrhea (see Supplemental Materials). Figure S1 . Clinical trial schema. Figure S2 . Overall survival. Figure S3 . A and B. QTWiST analysis for Arm A (A) and Arm B (B). Figure S4 . QTWiST analysis for both arms combined. Table S1 . Univariate and multivariate analysis of PFS and OS by age. Table S2 . Second-line regimens received following progression. Table S3 . Relationship between plasma immune biomarkers as determined by bioplex analysis with disease control rate (DCR) or progression-free survival (PFS). Table S4 . Relationship between cellular immune biomarkers as determined by flow cytometry with disease control rate (DCR) or progression-free survival (PFS). Table S5 . Mean duration of health states by treatment arm. Table S6 . Sensitivity analysis for QTWiST. Table S7 . Mean duration of health states when all patients in the trial were included in the analysis. 
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